Breast cancer · Incidence · Mortality · Cancer registration · Hormone replacement therapy Summary Background: Breast cancer is the most common cancer among women in Germany with high public health impact. In the last decade rapid changes in risk factor patterns, early breast cancer detection, and therapy have taken place. Their effects on breast cancer epidemiology in Germany are described. Materials and Methods: A register-based survey using recent incidence data from German cancer registries was performed. Mortality data were provided by the Central Federal Statistical Office. We calculated age-standardized rates and 5-and 10-year trends. Results: Breast cancer incidence increased until the year 2002, thereafter a discreet decline occurred until 2005 (-6.8%). In the age group 50-59 years this reduction was most pronounced (-12%). Mortality declined from 1996/7 to 2004/5 by 19%, with the strongest effect in women younger than 55 years (approximately 30%). Regional patterns of breast cancer incidence and mortality revealed differences within Germany of greater than 30%. Conclusion: Declining hormone replacement therapy prescription is the most likely factor to explain the drop in breast cancer incidence. The reduction in mortality might be caused by better therapy and enhanced early detection during the last decade. Differences in breast cancer incidence and mortality between Eastern and Western Germany give reason for further research and discussion. Katalinic/Pritzkuleit/Waldmann
Introduction
Breast cancer is the most common cancer in women worldwide. The International Agency for Research in Cancer (IACR) estimates more than 1.15 million new breast cancer cases every year [1] . Highest incidence rates are found in North America, Northern and Western Europe, and Australia (ranging from 83 to 101 cases per 100,000 women, age-standardized by world standard population), lowest rates in Africa and Asia (9-33/100,000). These estimates are based on worldwide cancer registration. In 2000, less than 20% of the world's population was covered by cancer registration and 35% by vital statistics schemes based on medically certified causes of death [2] . Cancer registration in Germany has a long tradition. The first incidence register started in Hamburg in 1926. During the Second World War registration came to a rest, but started again in 1952 in the area of the former German Democratic Republic. In 1967 the cancer registry of Saarland was founded. In 1995 a German federal law of cancer registry forced all federal states to implement epidemiological cancer registration at the state level until the year 1999. In most parts of Germany cancer registration is implemented today, but in some regions it is still under construction with no reliable data available [3, 4] . But breast cancer shows, compared to other tumour entities, the highest level of coverage, completeness, and data quality in the epidemiological cancer registration in Germany [5] .
Not only from the viewpoint of cancer epidemiology, breast cancer is one of the most interesting and important cancers in Germany as shown by the following points: i) Breast cancer has high public health importance and impact for Germany: it is the most common cancer in women (57,000 cases every year, 27.8% of all registered female cancers). Breast cancer occurs in 'younger' women (median age at diagnosis 63 years, 6 years earlier than for all cancer sites) [5] . Although survival after breast cancer is rather good (5-year relative survival rate 81%), every year about 18,000 women die of breast cancer. Breast cancer causes costs of almost 2 billion Euros per year (0.8% of the total health costs) [6] . ii) Breast cancer shows rather rapid changes in risk factor prevalence. In 2002, results of the Women Health Initiative (WHI) proved an increased risk (+ 27%) for breast cancer after hormone replacement therapy (HRT) [7] . Following the WHI publication, prescription of HRT decreased world-wide. This might be the biggest change in prescription practice that was ever observed in the world [8] [9] [10] [11] . After the fall in HRT prescription the breast cancer incidence fell subsequently indicating a cause-effect relationship between HRT and female breast cancer [12, 13] . A new analysis of the WHI study shows that the formerly published results of the WHI underestimated the effect of HRT: a woman who stays on HRT for at least 5 years, doubles her risk for breast cancer every year [14] . Whether a further decrease in HRT prescription and a subsequent decrease of breast cancer incidence will be observed, remains to be investigated.
iii) In the last decade the public focus in cancer was set on breast cancer. This clearly increased breast cancer awareness among the public, stakeholders, and politicians. Early detection of breast cancer was improved by different activities such as quality assured mammography (since 2001 in the federal state of Schleswig-Holstein) [15] and mammography screening (since 2001 pilot projects, nation-wide implementation started in 2004) [16, 17] . Therapy was optimized by disease management programs, creation of breast cancer centers with national certification, and new therapeutic procedures (e.g. sentinel lymph node technique, new chemotherapeutics).
These points could and should have an impact on breast cancer epidemiology in Germany. Incidence and mortality trends are likely to be affected one way or the other. In this publication we describe population-based incidence and mortality trends for female breast cancer in Germany from 1996 to 2005 based on most recent data from German epidemiological cancer registries.
Material and Methods
This analysis was performed as a register-based survey using breast cancer incidence data provided by the German population-based cancer registries. Breast cancer was defined according to the ICD-10 classification as C50 (invasive breast cancer) and restricted to women. Incidence data were collected from 9 different German federal state population-based cancer registries covering 14 federal states (table 1) . Data were provided in an aggregated form (cases by 5-year age groups and year). For 2 states (Baden-Wuerttemberg and Hesse) no incidence data were available. Only a few cancer registries were able to provide complete data starting from 1996. According to the previous and latest issues of 'Cancer in Germany' [5] , registration of female breast cancer is estimated to be complete ( = registration of more than 90% of expected breast cancers) since the year 2000 for nearly all included cancer registries. Therefore, we mainly present incidence data from 2000 to 2005. Incidence data of the participating registries from 1997 to 2005 were pooled to the 'German incidence pool', but Bavaria and Berlin were excluded because of incomplete data, especially in the period from 1997 to 2002, which would lead to biased trend analyses [12] . Rate of DCO cases (death certificate only) in the incidence pool from 1997 to 2005 was 10.0% for all age groups and 4.7% for the age group 50-69 years, respectively. Mortality data for the time period were provided by the central Federal Statistical Office [18] . Incidence and mortality are given as rate per 100,000 women (age-standardized rates according to the European standard (EASR)). Trends in incidence and mortality were assessed as relative differences between the 
Results
Incidence data were not available for all regions of Germany (table 1) 525,000 incident breast cancer cases for Germany in a 10-year period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . Data of the German incidence pool indicate that breast cancer incidence increased until 2002. Thereafter a slight decrease (-6.8%) could be observed until the year 2005. These trends were more pronounced in the age group from 50 to 69 years (-12% from 2002 to 2005) than in any other age group ( fig. 1 a, table 1) .
Between 1996 and 2005, 106,740 female breast cancer deaths occurred in Germany. Breast cancer mortality showed a steady decrease in the last 10 years for all age groups (-19%) as well for the age group 50-69 years (-15%) ( fig. 1 b,  table 1 ).
Regional patterns of breast cancer incidence and mortality are displayed in figure 2. The lowest breast cancer incidence is found in the eastern parts of Germany (Berlin, Brandenburg, Mecklenburg-West Pomerania, Saxony, Saxony-Anhalt, Thuringia) and the highest incidence rate is found in Northern Germany (Schleswig-Holstein, Bremen, Hamburg, Lower Saxony). Similar patterns are seen for breast cancer mortality ( fig. 2) .
Five-year trends in incidence depend on age and region. Increasing incidence rates were seen in the younger and older age groups, while the age group from 50 to 59 years shows a decrease of 10% ( fig. 3 ). Negative 5-year trends in breast cancer mortality were observed for all age groups, but the trend was most pronounced in the younger age groups. Trends in incidence and mortality rates on the state level are shown in figure 4 . The 5-and the 10-year differences in mortality were highest in Bremen, lowest in Brandenburg. 
Discussion
As shown above, breast cancer incidence increased until the year 2002 ( fig. 1 a) . Different mechanisms may have contributed to this increase: i) increase in well-known and proven risk factors such as higher age at first birth, nulliparity, prescription of birth control pills; ii) increased prescription of HRT; iii) utilization of early detection programs; iv) enhanced completeness of cancer registration. It is unclear which of these factors contributed predominantly to the increase in incidence, probably all factors played a role. Interestingly, a decrease in incidence can be observed since 2002 -the year in which the results of the WHI study were published [7] . Agespecific analyses show that the observed discrete decrease could be attributed to a steep incidence fall in the age group 50-59 years (about -12%). This is the age group that is most likely to receive HRT. Today the association between the decline in HRT prescription and the fall of breast cancer incidence could be deemed to be causal. This association was first described by Clarke et al. [13] and Ravdin et al. [19] . Meanwhile an analysis of German data confirmed declining trends in HRT usage followed by a fall of breast cancer incidence [12] . All authors discussed other possibilities than HRT for the incidence decline, but only HRT was left over as most probable causal factor [20] . The regional patterns of breast cancer incidence and mortality ( fig. 2 ) reveal a remarkable result. Variation in breast cancer incidence and mortality between the federal states is high. Incidence is about 35% lower in East Germany than in West Germany. A similar pattern applies to mortality. These patterns might be caused by a different distribution of breast cancer risk factors within Germany. Women that live in the region of the former German Democratic Republic (East Germany) might have another reproductive history than women that live in the other areas of Germany. Within the period of 1975-1990, pregnancy numbers were higher in East Germany (approximately 1.7 births per woman) than in West Germany (approximately 1.3) [21] . Moreover, women in the eastern part of Germany were (and are still) younger at the time of their first pregnancy. The difference is approximately 3 years for women of the birth cohort 1952-1956 and 4 years for the birth cohort 1962-1966 [6] . HRT prescription was markedly lower in East Germany than in West Germany [12] . While almost all western federal states show negative 5-year incidence trends ( fig. 4) , an increase in age-standardized breast cancer incidence could be observed in the eastern parts of Germany. It seems to be very likely that the mentioned differences in risk factor distribution led to the present incidence pattern. Especially regional differences in HRT prescription have to be discussed under public health aspects in the future. Even after the nation-wide decline of HRT prescription, differences in prescription by a factor of 2 persist [12] .
Considering the trend in incidence rates until 2002, increasing breast cancer mortality rates might be expected. But the opposite is the case (fig. 1 b) . Since 1996, age-standardized mortality rate decreased from 32 to 26 deaths per 100,000 women (-23%). If more women get breast cancer but less women die from breast cancer in the same period of time, survival rates must improve. As shown by Brenner et al. [22] , 5-year survival rates increased during the last decades in Germany, which might be due to a changed pattern of tumour stage distribution or due to optimized therapy regimens. The latter can be evaluated by means of stage-specific 5-year survival rates during different time periods as recently done by Kray- winkel et al. [23] with data from the Saarland Cancer Registry. The shift in survival due to altered therapy regimes was most pronounced until the year 1994. Further changes until the year 2004 were not marked. Therefore we conclude that therapy effects were greatest in the earlier years (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) . Furthermore, Kraywinkel et al. [23] described a change in tumour stage distribution for the same time period in Saarland. The rate of UICC I classified tumours increased nearly to the same extent between 1984 and 1994 (+ 8%) and 1994-2004 (+ 7%), while the rate of UICC IV tumours decreased markedly between 1994 and 2004 (from 20 to 10%). Therefore the improved stage distribution with a decrease in greater tumours with local and distant metastasis has markedly contributed to the increase in survival rates and the decline in mortality rates since the mid 1990s.
The greatest benefit regarding mortality was seen in the younger age groups up to 54 years ( fig. 3) where mortality rates decreased by more than 30%. This effect has to be inves- tigated more precisely in the future. Early detection in younger women should not have the potential to cause such a large decrease. Screening studies state a non-significant mortality reduction in the region of up to 20% [24, 25] . Maybe younger women with breast cancer have a greater benefit from new therapies than older women.
In conclusion, female breast cancer mortality has been decreasing during the last decade. The highest decrease was seen in the age group up to 50-59 years. Breast cancer incidence increased until 2002 and has shown a slight decrease since then. Incidence changes were most pronounced in the age group 50-59 years. Even 20 years after the reunion of the two German states east-west differences for incidence and mortality are seen which might emerge from differing prevalence of breast cancer risk factors within the years 1950-1990 in the former two states. Further development of breast cancer incidence and mortality hardly can be predicted. Due to the nation-wide implementation of mammography screening, an Katalinic/Pritzkuleit/Waldmann incidence increase is probable, even if the ongoing decline in HRT prescription should lead to less breast cancer cases. But will the mortality decline go on? Will there be a 25% mortality reduction as expected after the introduction of nation-wide mammography screening? Good cancer registration in Germany will give an opportunity to answer these questions in the future.
